This paper reviews the accelerated thermal cycling test methods that are currently used by industry to characterize the interconnect reliability of commercial-off-the-shelf Projection to other temperature cycling ranges using a modified Coffm-Manson relationship is also presented.
INTRODUCTION

Reliability,
irrespective of its def'mition, is no longer an "after-the-fact" concept; rather, it must be an integral part of development and implementation. This is specifically true for microelectronics with demands for miniaturization and system integration in a faster, better, and cheaper environment. BGAs and CSPs rapid development and introduction into the market is a good example of this trend. For CSPs, failure at the board level could also be caused by the internal failure of the package. For example, package internal TAB lead failures at heels were reported tbr the CTE absorbed CSP--a fatigue failure shift from the solder joint to the internal package (see Figure I ). (Ghaffarian, et al, 1998) .
Test Vehicle
The test vehicles in this investigation included both plastic and ceramic packages on either FR-4 or polyimide printed circuit board (PWB) with six layers, 0.062 inch thick. Ceramic packages with 625 I/Os was one of type of BGAs that was included in our evaluation.
Solder balls for CBGAs had high melt temperature composition (90Pb/10Sn) and about 0.035 inch diameters. The high melt balls were attached to the ceramic package with eutectic solder (63Sn/37Pb). At reflow, pacRage side eutectic solder and the PWB side eutectic paste will be reflowed to provide the electro-mechanical interconnects.
The CBGA package had internal daisy chains which The cycles to failure data in log-log were fitted to a straight line and the two Weibull parameters were calculated.
Weibull parameters for cycles to failure were also generated and plotted in continuous graphs in Figure 5 .
Weibull parameters for the four conditions are listed in Table 2 . In addition to cycling conditions, it includes manufacturing and assembly variables that possibly affected the m values. • NI and N2 are cycles to failure under two plastic strain conditions. 13is the fatigue exponential and is generally assumed to be equal to 1.9.
• Ay is proportional to (DNP/h) Act AT, where DNP is the distance from neutral point, h is equal to the solder joint height, Act is the difference in the coefficient of thermal expansion of package and PWB, and AT is the cycling temperature range.
• f_ and f., are frequencies. )c is the frequency exponential varying from 0 to I, with value 0 for no Figure  6 . Projections to lower temperature ranges from two data points and a single data point using the above relationship were also plotted.
Projections were compared to a test result for the same package thermal cycled in the range of 0 to 100°C (Martin, et al, 1997) . The following key points were considered:
Effect of frequency-
The effect of frequency was considered to be minor since frequency ranges in our study were very similar and their dwells at maximum temperatures were at least 10 minutes. Creep was assumed to be almost complete for the two maximum cycling temperatures of 100 and 125°C. ..These temperatures are well above the creep temperature of the eutectic Pb/Sn solder. Projections with correctionfor maximum temperature better approximate thetestresults; thetestresults under conditions C and A as well as an IBM datapoint. Figure 6 , but it is conservative since the slope between the two data points is much deeper than the slope connecting data sets for-55/125°C and -55/100°C cycles. This means that damage induced by fatigue due to decrease in cold temperature is not as severe as creep induced due to increase in hot temperature.
CONCLUSIONS
• A failure shift from solder joint to package may occur more often for miniaturized CSP packages. Projection based on the wrong failure mode results in the wrong forecast of cycles to failure.
• Near-thermal shock conditions induced the most damage on CBGA assemblies compared to thermal cycling. Up to 50 percent reduction in cycles to failure were observed when heating/cooling rates significantly increased for the thermal cycling in the range of-55 to 125°C.
• 
